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Pulsed tissue Doppler imaging detects early myocardial
dysfunction in asymptomatic patients with severe mitral
regurgitation
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Objective: To assess whether tissue Doppler myocardial imaging (TDI) indices can predict postoperative
left ventricular function in patients with mitral regurgitation (MR) after surgical correction.
Methods: 84 patients (mean (SD) age 54.3 (10.8) years) with asymptomatic severe MR, an end systolic
diameter , 45 mm, and an ejection fraction (EF) . 60% were subdivided in two groups: 43 patients with
a postoperative EF reduction , 10% (group 1) and 41 patients with a postoperative EF reduction > 10%
(group 2).TDI systolic indices of the lateral annulus were analysed preoperatively to assess myocardial
systolic wave (Sm) velocity, myocardial precontraction time (PCTm), myocardial contraction time (CTm),
and the PCTm:CTm ratio.
Results: Postoperative EF decreased significantly (from 67 (5)% to 60 (5.5)%, p = 0.0001). Group 2 had
a higher PCTm, CTm, and PCTm:CTm ratio and a lower Sm velocity than group 1 (PCTm 100.4 (19) ms v
82 (21.8) ms, p = 0.004; CTm 222 (3.1) ms v 215 (2.3) ms, p = 0.01; PCTm:CTm 0.45 (0.08) v 0.38
(0.09), p = 0.001; Sm velocity 10.4 (1.1) cm/s v 13 (1.3) cm/s, p = 0.0001). Multivariate regression
analysis showed that the combination of PCTm:CTm ratio > 40 ms and Sm velocity ( 10.5 cm/s was the
main independent predictor of postoperative EF reduction > 10% (sensitivity 78%, specificity 95%).
Conclusions: TDI systolic indices can predict postoperative left ventricular function in patients with
asymptomatic MR undergoing surgical correction.

P
reoperative left ventricular (LV) dysfunction is a risk
factor for postoperative worsening of LV function and
decreased long term survival in asymptomatic patients

with severe mitral regurgitation (MR).1–4 Compared with
patients who undergo surgery before the development of LV
dysfunction, patients with LV impairment experience a
greater fall in ejection fraction (EF) after surgery, an
increased incidence of heart failure, and a higher mortality.1 2

Several parameters have been proposed for asymptomatic
patients with chronic MR to assess LV function. EF is the
most commonly used.1 2 5 6 However, the assessment of EF
depends on afterload and EF remains higher than normal
during the compensated phase of chronic MR. When LV
dysfunction develops, EF may fall but remains within normal
limits because of a reduced afterload. Other more sensitive
indices than EF have been proposed for detecting early
myocardial dysfunction in chronic MR: end systolic volume
corrected for body surface area and end systolic LV cavity
dimension.4 6–11 However, despite serial preoperative testing
with these parameters, postoperative LV dysfunction remains
poorly predictable. LV cavity dimensions and EF are indirect
measurements of the intrinsic myocardial function and both
reflect the haemodynamic consequences of MR.

A mechanism of early myocardial dysfunction in patients
with chronic volume overload may be alterations of
subendocardial fibres.12 As the subendocardial fibres are
aligned longitudinally, we hypothesised that LV long axis
function would be preciously and noticeably altered in
patients with asymptomatic severe MR. Mitral annular
velocities reflect the contraction of longitudinal subendocar-
dial fibres and can be measured by tissue Doppler myocardial
imaging (TDI).13 14 Therefore, in this study we used the TDI
systolic indices as potential echocardiographic indicators of

subnormal LV performance, assessing the hypothesis that
patients with asymptomatic severe MR and normal EF but
with altered TDI systolic indices should develop significantly
decreased postoperative LV function.

PATIENTS AND METHODS
Study population
Eighty four consecutive patients with asymptomatic (New
York Heart Association functional class , II) severe isolated
MR were studied (table 1). The inclusion criteria were LV end
systolic diameter , 45 mm, LV end systolic volume , 60 ml/
m2, and LVEF . 60%. The causes of MR were myxomatous
degeneration in 78 patients, rheumatic in 4, and calcific in 2
elderly patients. According to the EF reduction after surgical
correction, the study population was divided into two groups:
group 1 with an EF reduction ( 10% and group 2 with an EF
reduction . 10%.6 15 All patients underwent coronary angio-
graphy to rule out coronary artery disease. The exclusion
criteria were coronary artery disease, aortic valvar disease,
mitral stenosis, congenital heart disease, cardiomyopathy,
diabetes mellitus, and arterial hypertension. All patients gave
informed consent.

Echocardiographic study
All patients underwent preoperative and postoperative trans-
thoracic echocardiography. The preoperative transthoracic

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: Am, myocardial atrial contraction; CTm, myocardial
contraction time; EF, ejection fraction; Em, myocardial early contraction;
LV, left ventricular; MR, mitral regurgitation; PCTm, myocardial
precontraction time; Sm, myocardial systolic wave; TDI, tissue Doppler
myocardial imaging
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examination was performed to assess the severity of MR and
to measure LV internal diameters, indices of global LV
function, and systolic pulmonary artery pressure.

The severity of MR was assessed semiquantitatively by
colour Doppler flow imaging on a scale of 0 to 4+ measuring
the vena contracta width at the narrowest portion of the
regurgitant jet. Vena contracta width was measured in each
view from the systolic frame with the largest diameter of a
clearly defined vena contracta.16 Moreover, we translated the
degree of severity of MR into a 0–4+ scale as follows: vena
contracta width ( 0.3 cm, 1+; . 0.3 to ( 0.5 cm, 2+; . 0.5
to ( 0.8 cm, 3+; and . 0.8 cm, 4+.

LV volumes and EF were obtained by the biplane
Simpson’s method. LV mass was calculated according to
the Penn convention and corrected for body surface area.17

Then, on the same day, all patients underwent transoeso-
phageal echocardiography to study the characteristics of the
MR. All echocardiographic examinations were done with the
Sonos 5500 equipment (Agilent Technologies, Andover,
Massachusetts, USA).

Tissue Doppler imaging
TDI was performed with transducer frequencies of 1.8–
3.6 MHz with minimum optimal gain as possible to obtain
the best signal to noise ratio. In the apical four chamber view,
a 5 mm pulsed Doppler sample volume was placed at the
level of the lateral mitral annulus. The incident angle
between the interrogating Doppler beam and longitudinal
motion of the ventricle was kept as small possible. The
myocardial systolic wave (Sm) velocity, myocardial precon-
traction time (PCTm; from the onset of ECG QRS to the
beginning of Sm), and myocardial contraction time (CTm;
from the beginning to the end of Sm) were measured and the
PCTm:CTm ratio was calculated. The diastolic indices were
myocardial early (Em) and atrial contraction (Am) peak
velocities, Em:Am ratio, and myocardial relaxation time
(time interval between the end of Sm and the onset of Em)
(fig 1).

Reproducibil ity
The reproducibility of EF and end systolic diameter
measurements was tested with 20 randomly selected
patients. The intraobserver regression coefficients were
0.93 for EF and 0.95 for end systolic diameter. The
interobserver regression coefficients were 0.90 for EF and
0.92 for end systolic diameter. Low coefficients of variation
were found (intraobserver 6% for EF and 4% for end
systolic diameter for operator 1, and 6% for EF and 7% for
end systolic diameter for operator 2; interobserver 5% for EF
and 4% for end systolic diameter). Our methods and
reproducibility regarding TDI indices were previously

reported: the intraobserver and interobserver regression
coefficients were . 0.85 for all measurements in a population
of 16 subjects.18

Statistical analysis
Data are expressed as mean (SD) or percentages. The
differences between the groups were explored with the
unpaired Student’s t test. Incidences in the groups were
tested for significance with the x2 test. Preoperative and
postoperative data were compared by paired t test. Linear
correlations were analysed by Pearson’s or Spearman’s
bivariate two tailed method. Multiple linear regression
analysis was performed to identify the independent pre-
dictors of EF reduction > 10%. Sensitivity and specificity
were calculated for systolic tissue Doppler indices and the
receiver operating characteristic curves were constructed to
obtain the best discriminant cut off values. A probability
value of p , 0.05 was considered significant.

SPSS software (version 8.0, Chicago, Illinois, USA) was
used for statistical analysis.

RESULTS
The echocardiographic examinations were done a mean (SD)
of 4 (1) days preoperatively and 15 (3) days postoperatively.
The surgical procedure was valve repair in 81 patients and
valve replacement in three. No surgical complications were
observed and the postoperative course was regular. A
significant postoperative decrease in EF was noted (67
(4.9)% v 60 (5.5)%, p = 0.0001). According to the reduction
of EF after surgical correction, we identified 43 patients in
group 1 (EF reduction , 10%) and 41 in group 2 (EF
reduction . 10%). EF decreased postoperatively in group 1
from 65 (4)% to 63 (3)% (p = 0.0001) and in group 2 from
68 (5)% to 57 (5)% (p = 0.0001) (fig 2).

Moreover, a postoperative EF , 50% was observed in seven
(8%) patients. There were no differences in baseline
echocardiographic parameters, except for LV mass index,
which was significantly higher in group 2 than in group 1
(table 2).

Table 1 Demographic and baseline echocardiographic
features

Feature Mean (SD) or total

Age (years) 54.3 (10.8)
Sex (male/female) 55/29
BSA (m2) 1.8 (0.15)
EDD (mm) 58.4 (7.2)
ESD (mm) 35 (7.2)
EDV (ml/m2) 68 (19)
ESV (ml/m2) 22.5 (7.7)
LVMI (g/m2) 129.7 (35.7)
EF (%) 67.3 (4.9)
SPAP (mm Hg) 31.4 (9.4)

BSA, body surface area; EDD, end diastolic diameter; EDV, end diastolic
volume; EF, ejection fraction; ESD, end systolic diameter; ESV, end
systolic volume; LVMI, left ventricular mass index; SPAP, systolic
pulmonary artery pressure.

Figure 1 Schema of the tissue Doppler imaging pattern of the left
ventricular mitral annulus. Am, late diastolic wave; CTm, myocardial
contraction time; Em, early diastolic wave; PCTm, myocardial
precontraction time; RTm, myocardial relaxation time; Sm, myocardial
systolic wave.
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Tissue Doppler parameters
In group 2, PCTm and CTm were significantly longer and Sm
velocity of the mitral annulus was significantly lower than in
group 1 (table 3).

All of these preoperative systolic parameters had a
significant univariate correlation with postoperative EF: PCTm,
r = 20.53, p = 0.0001; CTm, r = 20.61, p = 0.0001;
PCTm:CTm ratio, r = 20.52, p = 0.0001; and Sm velocity,
r = 0.68, p = 0.005. All the preoperative systolic TDI para-
meters had a significant correlation with EF changes (fig 3):
PCTm, r = 0.58, p = 0.0001; CTm, r = 0.51, p = 0.0001;
PCTm:CTm ratio, r = 0.56, p = 0.0001; and Sm velocity,
r = 20.69, p = 0.0001.

Significant univariate correlations were found between a
postoperative EF reduction > 10% and PCTm, CTm,
PCTm:CTm ratio, and Sm velocity but no associations
between postoperative EF reduction > 10% and baseline
echocardiographic parameters were observed (table 4).
PCTm:CTm > 40 (sensitivity 82%, specificity 60%) and Sm
velocity ( 10 cm/s (sensitivity 90% and specificity 85%) were
the best discriminant cut off values of postoperative EF
reduction > 10% obtained by receiver operating character-
istic curves.

Separate multiple linear regression analysis were per-
formed to identify independent predictors of postoperative
EF reductions >10%. In the first model, with heart rate, age,
PCTm:CTm, and Sm velocity as potential determinants, only
Sm velocity was an independent predictor (b coefficient
20.46, p , 0.001) of postoperative EF reduction > 10%
(cumulative R2 = 0.20, standard error (SE) = 0.43 cm/s,
p , 0.001). In the second model, the interaction of
PCTm:CTm > 40 and Sm velocity ( 10 cm/s was indepen-
dently associated with postoperative EF reduction > 10%
(b coefficient 0.57, p , 0.0001; cumulative R2 = 0.31,
SE = 0.40, p , 0.0001; sensitivity 78%, specificity 95%;
table 5).

Finally, no significant differences between the groups were
noted in the diastolic indices such as Em and Am peak
velocities and Em:Am ratio (table 3).

DISCUSSION
The present study shows that in patients with MR and
apparently normal LV function, long axis contraction of the
left ventricle is preciously and noticeably altered and its
assessment by TDI of the LV mitral annulus can predict the
postoperative decrease of EF. TDI assesses myocardial
function, whereas EF and LV internal dimensions reflect
haemodynamic consequences of both MR volume overload
and myocardial function. Thus, TDI can be used for the early
detection of myocardial dysfunction and may be a simple and
reliable indicator of early LV dysfunction in patients with
chronic volume overload.

Global LV systolic function can be assessed by LV mitral
annular velocity in the apical views, providing important
insight in terms of amplitude, velocity, and timing in relation
to the cardiac cycle.19 It has been shown that peak systolic
velocity correlates well with LVEF.20 21 Other investigators
have shown that Sm velocity, measured from the apical
approach, correlated with peak positive dP/dt and EF in
patients with dilated cardiomyopathy.22 TDI not only defines
and measures mitral annular movement but, because of its
high temporal resolution, also provides a useful estimate of

Figure 2 Plots showing the profile of ejection fraction (EF) change
between baseline and after surgical correction in individual patients:
(A) group 1; (B) group 2.

Table 2 Comparison between patients with
postoperative FE reduction (10% (group 1) and patients
with postoperative FE reduction . 10% (group 2)

Group 1
(n = 43)

Group 2
(n = 41) p Value

EDD (mm) 57.5 (8.7) 58 (6.2) NS
ESD (mm) 34.6 (7.1) 35.2 (7.3) NS
EDV (ml/m2) 68.4 (19.9) 67.8 (18.8) NS
ESV (ml/m2) 24.2 (8.5) 21.7 (7.2) NS
LVMI (g/m2) 127.3 (47.2) 131 (28.2) 0.05
EF (%) 65.5 (4.4) 68.3 (4.9) NS
SPAP (mm Hg) 31.5 (10.5) 31.4 (8.9) NS

Data are mean (SD).
NS, not significant.

Table 3 TDI measurements: subgroups analysis

Group 1 (n = 43) Group 2 (n = 41) p Value

PCTm (ms) 82 (21.8) 100.4 (19) 0.004
CTm (ms) 215 (2.3) 222 (3.1) 0.01
PCTm:CTm 0.38 (0.09) 0.45 (0.08) 0.001
Sm velocity (cm/s) 13 (1.3) 10.4 (1.1) 0.0001
Em peak velocity (cm/s) 14.8 (3.4) 13.7 (3) NS
Am peak velocity (cm/s) 13.5 (3.8) 12.1 (4.2) NS
Peak Em:Am 1 (0.2) 1.3 (0.6) NS
RTm (ms) 70 (2.3) 72 (1.5) NS

Am, late diastolic wave; CTm, contraction time; Em, early diastolic wave; PCTm, myocardial precontraction time;
RTm, relaxation time; Sm, myocardial systolic wave.
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myocardial (both systolic and diastolic) time intervals.23–25

PCTm is the myocardial systolic time corresponding to the
isometric period before the onset of myocardial contraction,
whereas CTm corresponds to the contraction period. The
PCTm:CTm ratio, corresponding to the ratio of the LV pre-
ejection period to the LV ejection time obtained by standard
Doppler assessment of the LV outflow tract, may be
considered to be an index inversely correlated to myocardial
contractility.26 TDI velocities are influenced by physiological
factors and by the complexity of myocardial fibre architecture
and orientation relative to long and short axis LV contraction
and relaxation.27 The subendocardial fibres are aligned
longitudinally and are connected with the mitral annulus;
therefore, the measurement of myocardial velocities from the
apical views with pulsed TDI reflects LV longitudinal short-
ening and relaxation.27 28

How to assess LV function in MR is not completely
understood. Preoperative EF is the best predictor of long term
mortality under conservative management and after surgery
for congestive heart failure, as well as of postoperative
residual LV function.1 3 6 Also, LV end systolic dimension is an
alternative predictor of postoperative LV function.6 The cut
off values for defining a high risk population are an EF of
about , 60% and an end systolic diameter . 45 mm.6 It is
worth noting that increased LV diastolic inflow volume
increases preload. During systole, the regurgitant flow
towards the left atrium suggests a decreased impedance to
ejection but end systolic wall stress is usually normal. With
the development of LV dysfunction, EF may fall but, because
of the reduced afterload, it can remain within normal limits,
thus masking the presence of myocardial dysfunction.

TDI velocities may be more sensitive markers than EF for
two reasons: firstly, because TDI indices are relatively preload
independent and, secondly, because of the architecture and
activation of myocardial fibres.21 In fact, long axis shortening
(from longitudinal fibres) occurs before short axis shortening
during the isovolumic contraction phase, whereas the
ejection phase is due mainly to shortening of circumferential
fibres in the short axis. Therefore, when subendocardial
ischaemia occurs, impaired long axis shortening is evident
before changes in the short axis because of the orientation of
the myocardial fibres.29 It is worth noting that the TDI derived
annular peak systolic velocity increases significantly at very
low dose dobutamine (1 mg/kg/min) and no change of LVEF
corresponds to the linear dose dependent increase of the
velocity until 3 mg/kg/min. This supports the hypothesis that
mitral annular velocity is more sensitive to EF as a marker of
LV contractility.30

In the present study, peak systolic velocities were relatively
high. This is probably because preoperative EF was preserved
in these patients. However, all systolic TDI parameters
correlated well with postoperative EF, suggesting that
subnormal values of TDI systolic indices should be considered
to be abnormal in patients with MR.

Some limitations of the study have to be mentioned.
Firstly, we chose as an end point a postoperative EF reduction
. 10% instead of a postoperative EF , 50%. The 10% cut off
value was chosen assuming that EF decreases significantly
after surgical correction by approximately 10%, as reported by
other authors.6 15 We did not focus the study on the clinical
postoperative significant reduction of EF , 50% because we
usually recommend surgery when the EF is . 60%, so
minimising the chance of having several patients with
postoperative EF , 50%. However, our data showed a good
linear correlation between baseline TDI systolic indices and
postoperative EF. Secondly, we did not report postoperative
TDI systolic indices because all patients who underwent
mitral valve repair received a prosthetic annular ring. Other
patients received a prosthetic valve, and their assessment
would not have been easy or homogeneous for TDI
application. Lastly, the postoperative echocardiographic
examination was performed a mean of 15 days after surgery.
The optimal time for assessment of postoperative EF is not
clear but usually no differences are noted between early and
late follow up values.6 However, it is questionable whether
the fall in EF that we observed is reversible and whether TDI
indices can predict recovery.

Our findings may have important clinical implications. The
best outcome was observed in patients with an EF . 60%
and an LV end systolic diameter , 45 mm. Of interest, this
disease stage provides the best opportunity for surgery even
when no or minimal symptoms are detectable.6 In the present
study, the baseline EF and LV internal dimensions were not
reliable predictors of LV systolic function after surgical
correction of MR, probably because of the narrow range of
EF (. 60%) and LV end systolic diameter (, 45 mm) of our

Figure 3 Correlation between EF changes and baseline myocardial
systolic wave (Sm) velocity.

Table 4 Correlation between baseline TDI and
conventional echocardiographic parameters with
postoperative EF reduction > 10%

Correlation with postoperative
EF reduction >10% p Value

PCTm 0.43 0.0001
CTm 0.38 0.001
PCTm:CTm 0.43 0.0001
Sm velocity 20.45 0.0001
ESD 0.15 NS
ESV 0.16 NS
EF 20.26 NS

Table 5 Results of multivariate analysis

Determinants of postoperative EF
reduction >10% b Coefficients p Value

First model
Sm velocity 20.46 0.001
PCTm:CTm 0.26 0.063
Heart rate 0.16 0.87
Age 0.12 0.35

Second model
PCTm:CTm and Sm velocity 0.57 0.0001
Heart rate 0.10 0.33
Age 0.15 0.15
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population.. Therefore, TDI systolic indices should be used to
identify patients with latent LV dysfunction with good
sensitivity and specificity. In this view, TDI assessment may
be useful to obtain evidence of subclinical myocardial
dysfunction and thereby to improve significantly the timing
of mitral valve surgery.

In conclusion, even if the best outcome after surgical
correction is observed in patients with an EF . 60%, the
capability to predict postoperative LV function is imperfect
and EF may be significantly reduced after surgical correction.
TDI systolic indices can predict a significant reduction in
postoperative EF in asymptomatic patients with severe MR
and normal EF and therefore may be useful markers to
improve the clinical management of these patients.
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